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THE COMMERCIAL MARBLES OF WESTER! VERMONT. 



By T. Nelson Dale. 



INTRODUCTION. 

This publication has a twofold object — to bring the science of 
geology to bear upon the problems of the marble industry in western 
Vermont and briefly to make known the more important scientific 
results obtained in the course of the mapping of the marble belts of 
that part of the State and in the study of its marbles. 

The marble district specially considered lies west of the Green 
Mountain Range in Bennington, Rutland, and Addison counties, but 
the reddish dolomite marble quarried at Swanton, in Franklin County, 
and the black calcite marble quarried on Isle la Motte, in Grand Isle 
County, are also described. The green serpentine of Roxbury, nearly 
in the center of the State, in Washington County, and the chrome 
mica schist of Shrewsbury, in Rutland County, have also been included. 
The bulletin covers all the quarries of commercial marble that were 
in operation in the State in 1910. The marble deposits on the east 
side of the Green Mountain axis, including the small disused quarries 
in Orange County, are not here considered. 

The field work was done by the writer in parts of the summers of 
1888, 1899, 1900, 1903, and 1904. Mr. F. H. Moffit spent the sum- 
mers of 1899 and 1900 and a month in 1902 on the areal and struc- 
tural geology of the marble belt and adjacent schist masses in Arling- 
ton, Sandgate, Manchester, Dorset, Danby, and Tinmouth. His 
maps, notes, sections, and specimens have been used in the prepara- 
tion of this bulletin. Mr. N. C. Dale assisted the writer in the sum- 
mer of 1903. The writer also spent most of the summer of 1910 in 
visiting all the active marble quarries of the State and in otherwise 
completing the work begun in 1888. 

The notes on the texture of marble (pp. 51-54) are based on the 
study of 200 thin sections. 

Mr. George Steiger, of the Geological Survey, has contributed a 
quantitative determination of the graphite in the gray marble of West 
Rutland. Mr. W. T. Schaller, also of the Survey, has made a quali- 
tative examination of a dolomitic bed near Brandon, and he and Mr. 
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10 THE COMMERCIAL MARBLES OP WESTERN VERMONT. 

J. S. Diller have made an examination of the chrome mica schist 
marble of Shrewsbury. Mr. E. S. Larsen has also made a few 
petrographic determinations. 

The marble companies have materially aided the work by placing 
their core-drill records at the writer’s service, by facilitating his inves- 
tigations, and by furnishing sawed cubes for thin sections and polished 
specimens. 

The elementary geologic principles which should guide the quarry- 
man and the prospector in the marble belts of western Vermont are 
outlined on pages 77-85. 

In order to render the bulletin more widely serviceable as few 
technical terms as possible have been used, even in the more scientific 
parts. A glossary of such technical terms as have unavoidably been 
used will be found on pages 162-164. 

It is proposed to supplement this bulletin by one on the marbles 
of eastern Vermont. 

THE WORK OF VERMONT GEOLOGISTS. 

Much work has been done by geologists of Vermont on the geology 
of its marbles. 

The State report of Hitchcock and Hager, published in 1861, laid 
the foundation for all future work. Next in importance were the 
discoveries of Rev. Augustus Wing, published by James D. Dana in 
1877, determining the geologic age and structural relation of various 
parts of the marble and limestone areas. Then came the general 
summary of the geologic features of the marble belt by President 
Ezra Brainerd, in 1885, and in connection with it the interesting 
economic papers published the same year by Prof. Henry M. Seely on 
the marble industry of western New England and its early beginnings 
in Vermont. These were followed, in 1898 to 1908, by several annual 
reports by Prof. George II. Perkins, State geologist, in which the 
location and characteristics of the quarries were given, the marble 
firms and plants noted, and the colors and shades of all the marbles 
carefully described. The report for 1908 also contains two impor- 
tant papers by Prof. Perkins on the geology of Franklin and Chit- 
tenden counties and the formation to which the “Champlain marbles” 
belong. The same report also includes a paper by George E. Edson 
on the geology of Swanton. Finally, the State geologist’s report for 
1910 contains a brief reference to the marble industry and some pho- 
tographs of unusual folds in the great marble belt in Leicester. 

The design of this bulletin is not to supplant or duplicate, but to 
complement the work of the geologists of the State. It is expected 
that this will be accomplished not only by means of the geologic maps 
and sections and the results of the microscopic study of the marbles 
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but also by furnishing those engaged in the marble industry a brief key 
to the structural geology of the marble beds. 

The reader will be frequently referred to the reports of the State 
geologists for information on special points. A bibliography of Ver- 
mont marbles will be found on pages 59-60. 

MARBLE IN GENERAL. 

LIMESTONE AND MARBLE. 

If a chemical precipitate of carbonate of lime is examined micro- 
scopically, it will be found to consist of irregular, infinitesimal granules 
of uncrystalline matter. When analyzed, this material will be found 
to have essentially the composition of what is technically known as 
marble or crystalline limestone. A thin section of marble, when 
placed under a microscope, is seen to be an aggregate of translucent 
to transparent crystalline plates, generally of irregular outline, of 
calcite or dolomite, with the rhombohedral cleavage characteristic of 
these minerals, and also generally crossed by twinning planes. These 
twinning planes, which are so conspicuous in thin sections of marble, 
are due to the growth of two crystals in such juxtaposition (but not 
parallel) that there is a uniform mathematical relation between the 
axes of the two crystals. The twinning plane seen in the crystalline 
grain of a thin section of marble is the plane along which the two 
crystals meet. But as this twinning process generally repeats itself 
in the same crystalline mass or particle, a single microscopic grain may 
contain several such planes. The difference between a collection of 
individual crystals of calcite and a piece of calcite marble is that the 
former, like granulated sugar, consists of complete crystals, whereas 
in calcite marble the crystals have been formed so close to one another 
that no one crystal has been able to complete itself. There has been 
no space for the formation of the faces of individual crystals. 

Many so-called granular limestones when examined microscopically 
are found to consist of exceedingly minute, irregular plates of polariz- 
ing but untwinned calcite. Such limestones are really part-way 
marbles. 

A few specimens of limestones were examined microscopically to 
throw light on the relation of limestone and marble : 

A very fine-grained limestone, Chickamauga (201), collected by Dr. C. W. Hayes 
near Attalla, Ala. , with flintlike fracture, brownish-gray color, and strong effervescence 
with HC1, consists of irregular polarizing particles 0.0028 to 0.006 millimeter in diam- 
eter, with sparse polarizing plates, some of them of rhombic form (dolomite), 0.008 to 
0.02 millimeter in diameter, and sections of fossils. 

Another limestone, Chickamauga (202), collected also by Dr. Hayes near White 
Cliff Springs, near Starrs Mountain, in Tennessee, has a very fine texture, is dark 
brown in color, effervesces strongly, is finely veined and fossiliferous. In thin section 
this rock shows irregular nodules of very fine polarizing granules of irregular form in a 
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matrix of polarizing calcite particles. Nodules and matrix are crossed by fine veins 
of calcite. The fossil sections polarize. 

An oolitic limestone from Short Creek, Galena, Kans., with a light-brownish cement 
and strong effervescence, consists of slightly flattened spherules, 0.02 to 0.05 millimeter 
in diameter, of polarizing irregular grains (0.006 to 0.014 millimeter) lying in a matrix 
of polarizing and twinned calcite plates. 

It is usually assumed that natural chalk is uncrystalline, but the 
crystalline nature of chalk has been determined by Kauffmann and 
verified by Itcnard. 1 

The difference between one of these semigranular limestones and a 
true marble appears in polishing. The marble alone yields a brilliant 
surface, winch is due to the effect of light upon its uniformly crystal- 
line particles. 2 

DEFINITIONS OF MARBLE 

The distinctions indicated lead to the following definitions: 

Marble in the technical sense is a rock consisting mainly of crys- 
talline particles of calcite or dolomite or of both. But marble in the 
commercial sense includes a wide variety of stones and even some of 
very different composition and history. A Vermont serpentine is 
described on page 49 and a chrome mica schist on page 50. Both are 
commercial ‘ ‘ marbles .’ ’ 

CHEMICAL COMPOSITION. 

The chemical composition of marble varies primarily according as 
it consists of calcite or of dolomite or of an admixture of both. White 
calcite marble is almost entirely carbonate of lime. In white dolomite 
marble carbonate of magnesia takes the place of part of the carbonate 
of lime. As the colored marbles of these two sorts contain small 
percentages of other minerals (graphite, quartz, hematite, limonite, 
magnetite, pyrite, muscovite, actinolite, tremolite, etc.), their analyses 
differ slightly from those of the white marbles. 

A few reliable analyses of typical American and European marbles 



follow. \ 

Analysis of white calcite marble from West Rutland, Vt . 3 

Insoluble 8.00 

Alumina (A1 2 0 3 ) 39 

Ferrous oxide (FeO) 14 

Magnesia (MgO) Trace. 

Lime (CaO) 50. 79 

Water (H 2 0) at and above 105° 1. 01 

Carbon dioxide (C0 2 ) 39. 80 



100. 13 



1 Renard, A. F., Des caracteres distmetifi de la dolomite et de la calcite dans les roches calcaires et dolo- 
mitiques du calcaire carbonifere de Belgique: Bull. Acad. roy. Belgique, vol. 47, 1879, p. 555. 

2 See, for a discussion of the effect of light on polished stone surfaces, Seipp, H., Italienische Material- 
studien, Stuttgart, 1911, pp. 76-105. 

s By L. G. Eakins, Bull. XJ. S. Geol. Survey No. 419, 1910, record No. 1213, p. 189. 
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Analysis of white ealcite marble, slightly mottled with gray, from the Columbian quarry, 

Proctor, Vt . 1 



Calcium carbonate (CaC0 3 ) 98. 37 

Magnesium carbonate (MgC0 3 ) 77 

Iron carbonate (FeC0 3 ) 034 

Manganese and aluminum oxides 005 

Siliceous matter insoluble in acid 63 

Organic matter 08 



99. 889 

As is shown on page 40, these clouded marbles contain minute 
lenses and beds of dolomite, which account for the MgCO s 

Analysis of white dolomite marble from Lee, Mass . 2 



Insoluble 0. 19 

Alumina (A1 2 0 3 ) 1 

Ferric oxide (Fe 2 0 3 ) J 

Calcium carbonate 3 (CaC0 3 ) 55. 14 

Magnesium carbonate 4 (MgC0 3 ) 43. 88 

99. 45 

Analyses of Norwegian dolomite marbles. a 





1 


2 




0.106 
54. 05 
45.93 
.086 
.032 


0.46 

54.16 

45.09 

.32 


Calcium carbonate (CaC0 3 ) 




Iron carbonate (FeC0 3 ) 


Manganese carbonate (MnC0 3 ) 






100. 204 


100. 03 



“Vogt, J. H. L., Norsk Marmor, 1897, p. 20. 1, Cream colored, from Hammarfald, Rdsvik; 2, white from 
Hemnses Seljeli. 



The following are two analyses of calcite marbles from the quarries 
worked by the ancient Greeks : 

Analyses of Greek marbles. a 





1 


2 


Calcium carbonate (CaC0 3 ) 


100. 002 
.122 


100. 09 


Ferric oxide (Fe20 3 ) 






100. 124 


100. 09 



a Lepsius, G. R., Grieehische Marmorstudien, Berlin, 1890, pp. 18, 29. 1, “Lower white Pentelicon” 
marble from Mount Pentelicon, northeast of Athens, milk-white color; 2, “Lower white Attic marble” 
from Agriiesa Valley, 2J miles north of Cape Suniumor 25 miles southeast of Athens, light bluish gray tint. 



Lepsius states that the Pentelicon marble contains a few grains of 
quartz and scales of muscovite and chlorite, some pyrite with a zone 

1 By S. L. Penfield, Yale University, Twentieth Ann. Kept. U. S. Geol. Survey, pt. 6, continued 
1899, p. 447. 

2 By E. A. Schneider, Bull. U. S. Geol. Survey No. 419, 1910, record No. 1279, p. 189. 

3 Recalculated from CaO and CO 2 of original. 

4 Recalculated from MgO and CO 2 of original. 
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of limonite stains, and more rarely very minute grains of magnetite. 
The golden-brownish film noticeable on the Parthenon and other 
Greek structures made of this marble is attributed to this content of 
Fe 4 0 9 H 6 . In contrast with this he finds that the marble of the Agrilesa 
Valley, which is chemically pure calcium carbonate, forms no such 
crust in ancient sculptures. 

Analysis of white Norwegian calcite marble from Velfjorden, Troviken . 1 



Calcium carbonate (CaC0 3 ) 99. 27 

Iron carbonate (FeC0 3 ) 137 

Manganese carbonate (MnC0 3 ) 0026 

Magnesium carbonate (MgC0 3 ) 68 

Insoluble 77 



100 . 86 

Analysis of Carrara marble . 2 

Calcium carbonate (CaC0 3 ) 99. 77 

Magnesium carbonate (MgC0 3 ) 90 

Silica (Si0 2 ) 16 

Alumina and iron sesquioxide (A1 2 0 3 , Fe 2 0 3 ) 08 



99. 91 

Giampaoli 3 gives for Carrara marble: Calcium carbonate (CaC0 3 ), 
extremes 98 to 99 per cent; magnesium carbonate (MgCO s ), maxi- 
mum 0.9 per cent; silica (Si0 3 ), maximum 1.0 per cent. 



Analyses of Carrara and Tyrolese marbles: a 





Carrara, 

white 

mottled. 


Schlanders, Tyrol. 


Mottled, 

coarse. 


White to 
grayish, 
very 
hard. 




99. 236 
.284 
.251 


99. 010 
.521 
.062 


97. 040 
2.109 
.360 
Trace. 


Magnesium carbonate (MgCOs) 


Silica (SiO a ) 








99. 771 
2. 732 


99. 593 
2.700 


99. 509 
2.566 





a Wittstein, G. C., Untersuchungen einiger weissen Marmorarten, 1851. 



It will be noticed that the calcite marbles in all the analyses show 
a range of 99.04 to 100 per cent of calcium carbonate. 

A composite analysis by H. N. Stokes of 498 constructional lime- 
stones is given for comparison. The principal difference is in its 
high percentage of silica (14.09) and its small percentage of calcium 
carbonate (72.50). 



1 Vogt, J. H. L., Norsk Marmor, 1897, p. 19. 

2 Rosenbusch, H., Elemente der Gesteinslehre, 3d ed., 1910, p. 521. 

3 Giampaoli, A., I marmi di Carrara, Pisa, 1897. 



